Economical Applications of GPS in Road Projects in India  by Prasnna Kumar, S.M. & Mahajan, S.K.
 Procedia - Social and Behavioral Sciences  96 ( 2013 )  2800 – 2810 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of Chinese Overseas Transportation Association (COTA).
doi: 10.1016/j.sbspro.2013.08.313 
ScienceDirect
13th COTA International Conference of Transportation Professionals (CICTP 2013) 
Economical Applications of GPS in Road Projects in India 
S.M.Prasnna Kumara, S.K. Mahajanb* 
aDirector, RCET, Rungta Educational Campus, Kohka  Kurud Road, Bhilai Chhattisgarh 490024 India 
bProfessor, Civil Engineering Department, RCET, Rungta Educational Campus, Kohka  Kurud Road, Bhilai Chhattisgarh 490024 India 
Abstract 
The Global Positioning System (GPS) is a satellite based navigation system made up of a network of 24 satellites placed into 
orbit by U.S. Department of Defense. GPS was originally intended for military applications, but in the 1980s, they made the 
system available for civilian use. GPS works in any weather conditions, anywhere in the world, 24 hours a day. Therefore it 
facilitates everyday activities such as banking, mobile phone operations and even the control power grids by allowing well 
synchronized hand-off switching. In general GPS applications are realized in following: 
 In Air  navigation by general aviation and commercial aircraft 
 At Sea  navigation by recreational boaters, commercial fishermen, and professional mariners 
 For Surveyors  cost saving by drastically reducing setup time at the survey and providing incredible accuracy 
All above applications employ the service of 4- satellites in the orbit at any point of time. In this paper a new method is 
suggested for which, software is being developed to get the GPS outputs making use of data from a single satellite.  The 
- satellites, 
therefore it would cut down the financial implication to a large extent in any project. GPS application in Road projects is 
discussed herein with this new concept. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
Traversing; Globematic Science; Geomatic Engineering; Road Surveys; Geometrical figures; Global Positioning System (G.P.S.) 
1. GPS Application in Current Practice 
There are 24 satellites that make up GPS space segment Fig.1. All the satellites are orbiting the earth about 
20,000 km above us. They are constantly moving, making 2 complete orbits in less than 24 hours. These satellites 
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are travelling at speed of 11,500 km per hour. They are powered by solar energy. They have backup batteries on 
board to keep them running in the event of a solar eclipse. Small rocket boosters on each satellite keep them 
location. Essentially a GPS receiver compares the time of transmitting a signal to the satellite with the time it 
receives signal from it.  The time difference tells the GPS receiver position. The mathematical principle called 
trilateration requires distance measurements from few more satel
this information to deduce its own location. Finally the location of GPS receiver is calculated in terms of latitude, 
longitude and elevation.   
 
Fig.1. GPS  the space segment of US satellites 
In order to make simple calculations the GPS receiver has to know following data: 
 The location of at least three satellites in the space 
 The distance between transmitting point and each of the 3 satellites 
 The GPS receiver provides two information by analyzing high frequency, low power radio signals from GPS 
satellites (see Fig.2.) 
 
 
Fig.2. GPS  Principle of working 
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G.P.S. is employed to monitor ground objects with respect artificial satellites launched in space. 0ften we need 
to track the route of a moving vehicle to determine fuel consumption, locate its position and the speed etc.  Such
data is essential for efficient management of an organization. Fig.(2) Shows the concept of working of G.P.S.
device. To locate the position and trace the path of a moving vehicle for efficient management of any concern
such system is mounted on a vehicle which receives signals from three satellites as per conventional method of 
working. Mathematics involved in determining the ground position is apparent from following Fig.(3)
Principle of GPS positioning:
Satellite 1 sends a signal at time te1
Ground receiver receives its signal at time tr
The range measurement p1 to satellite 1 is :
oP1 = (tr-te1) x speed of light
oWe are therefore located on a sphere with radius p1 centered on satellite 1
3 satellites intersection of 3 spheres
Fig.3. GPS Locating the position of receiver on earth
Nomenclature
location of 3 satellites in space
(Xs,Ys,Zs) 
(Xr,Yr,Zr) simultaneous range measurement from receiving station
c velocity of light  = 299 792 459 m/s
a smallest side of the triangle
b side greater than in the triangle 
R the radius of the circum-circle of given triangle ABC
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2. New Geometrical Concept  
Global Math Concept invented very recently by Dr. S.K. Mahajan, India [15] in 2008 has revolutionized field 
surveying operation because less data is observed in the field to make geometrical figures. Conventionally we 
require minimum three elements out of six (3sides+3angles) to make a triangle. Global Math makes use of only 
two elements to make a triangle instead of three therefore it finds wide application in civil engineering, 
particularly road survey works via: triangulation, traversing and trilateration. Global Math Application Software 
[5], is known as Geomatic Engineering Software. It has brought changes in Road Surveying Equipment and 
Process to analyze data for end results. A closed traverse survey consists of a series of triangles, whose lengths 
and directions are measured between connecting points on a proposed road alignment. The principle of Geomatic 














Above formula is derived by using geometric properties of triangle related with circle (Annexure I). It is 
apparent that only two sides (a, and b) are sufficient to determine the radius R. Thus a triangle can be made with 
the use of only two elements simply joining 
 
 
Fig.4. Explicit Orientation of two element triangle orientation 
Explicit orientation of two element triangles can be achieved in following steps. It is apparent from basic 
operations in surveying that a triangle is an integral unit in the process of observing data of a traverse. It is found 
that with ingenious choice of elements and observation planning, requirement of elements to make a triangle can 
be curtailed to two. The two element triangle construction and its explicit orientation can be done in following 
steps: 
Step 1- In the triangle Fig.4, sides as a, b, c are 3 sides out of which two sides a and b are 
(1)
Step 2- There can be three possible orientation of triangle formed with sides a an
1. (a & b). The correct one can be resolved with respect to prevailing physical condition. R 
determined from eq.(1) needs to be corrected for its explicit orientation [1]. It is achieved as follows: 
i. - Correction to R for rt.  Property  Fig.1. (
by eq.(1) is to be corrected if triangle ABC is rt. triangle. According to Pythagoras theorem we have: 
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Rba 222  The correction to R can be explained through 
Pythagoras triplet e.g. 3, 4, 5 as sides a, b and c. Let a = 3, and b = 4, substituted in eq.(1). We get R 
= 2.64 Applying Pythagoras check 32+42 = 25, or side c = 5 = 2R, but from equation (1) we get 2R = 
5.28  5 hence correction to (2R) is 
5.28  5 
0. 
ii. Explicit Orientation of  d angle between a and b is acute  Fig.(1-a) After 
computing R from eq.(1) perform following steps: 
 
 
a2=b2+c2 2bc Cos(x) (2) 
 Eq.(2) is quadratic in c2, therefore two value
C) is computed 
 
iii. Explicit Orientation of   when included angle between a and b is obtuse  Included angle 
between given sides a and b computed in step 2, will give exterior angle (180  C) and the  
can be produced with given sides a and b and included angle as obtuse angle. 
3. GPS Trilateration in Road Works 
 
Fig.5. Trilateration in road surveys  
Basic Route Survey and Design works are carried out by GPS in following steps: 
1. Concept for Route 
2. Reconnaissance Study 
- -  
a. Identify Alternative Routes (corridors) 
b. Corridor Study  
3. Alignment Design 
4. Roadway Design 
5. Design roadway items 
6. Right of way surveys 
7. Construction surveys 
8. Planning GPS Surveys  as important as the sophisticated needed to collect the data 
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4. Modified Working of G.P.S. with Single Satellite 
The new geometric concept described above could be employed to modify GPS working by receiving data 
from only one space satellite to furnish the end results. It is explained by an example of use of G.P.S. tracking of 
an Engineering College Bus with use of single satellite observations refer Fig. (6): 
 
Fig.6. G.P.S. data obtained from tracking a single satellite 
1. Let Delhi (R) be the control station to supply/Receive information to GPS SV (Geocentric satellite 
pressed as (Xi, Yi, Zi)  
2. S is position of geocentric satellite at the time of tracking of College Bus 
3. A,B,C,D,E  stations on bus route emitting e-m wave signals from College Bus carrying transmitter 
during the time of its travel. Let the bus route is defined by green track ABCDEA.  
4. E-M wave time signals are transmitted to satellite S is having atomic clock. Therefore distances: 
SA, SB, SC, SD, SE and SR are computable by multiplying time and e-m wave length. The 
distances are marked in black colour with arrows. 
5. From vertical triangles RSA, RSB, RSC, RSD and RSE observed in (4), distances RA, RB, RC, RD 
and RE are computed using two elements triangle theory given by authors. These distances are 
marked in red colour in the Fig. (6) 
6. Pair of distances known in step (5), are used to get distances AB, BC, CD, DE, and EA again by 
two elements triangle theory, to plot the traverse (Bus Route) ABCDEA. 
Solution: 
To illustrate the application, Let us consider the vertical triangle RSA in which two sides RS and SA are 
obtaine  
The computed lengths: RS = 3165 km = (a) and AS = 3800 km = (b) are substituted in eq.(1) to determine RA 
= 1153.33 km. The observation and computation sheet is completed below for all vertical triangles formed during 
the movement of the bus from station A to E. 
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Table 1. 
No  Computed 
(a) Using 
Distances 
E.M. Waves (b) 
Computed side from two 
 
1 RSA RS = 3165 km SA = 3800 km RA = 1153.33 km 
2 RSB RS = 3165 km SB = 3805 km RB = 1165.70 km 
3 RSC RS = 3165 km SC = 3812 km RC = 1183.90 km 
4 RSD RS = 3165 km SA = 3807 km RD = 1170.80 km 
5 RSE RS = 3165 km SE = 3798 km RE = 1147.60 km 
The computation sheet below shows the solution of horizontal triangles Fig.6 formed on the earth surface: 
Table 2. 
No  Computed 
(a)      Using Two 
Distances table-1 
 
Computed side from pair 
(1) 
1 RAB RA = 1153.33 km RB = 1165.70 km AB = 17.64 km 
2 RBC RB = 1165.70 km RC = 1183.90 km BC= 26.05 km 
3 RCD RD = 1170.80 km RC = 1183.90 km CD= 18.68 km 
4 RDE RE = 1147.60 km RD = 1170.80 km DE = 33.34 km 
5 REA RE = 1143.60 km RA = 1153.33 km AE = 8.13 km 
It is apparent from above tables that the bus route (traverse ABCDEA perimeter = 103.84 km) is completely 
determined and can be plotted. A separate local survey level net may be run from station A to points B, C, D and 
E if height coordinates of the points are also required.  Global Coordinates (xi, yi, zi) of the traverse points can be 
determined as explained below:  
Let the coordinates of R be (0,0,0), the azimuth of sight RA at the time of observation =200 
 
As azimuth is 200, the x coordinate of S = 3165 sin (20) = 1082.50 km, and y coordinate of S = 3165 Cos (20) = 
2974.13 km. Similarly the coordinates (xi, yi, zi) of traverse points A, B, C, D and E can be worked out. 
5. Use of GPS to Identify Traffic Problems 
GPS surveys have been conducted to initiate widening of roads from two to four lanes with paved shoulders, 
on certain existing stretches/ corridors of National Highways in the country. It has direct impact on many urban 
state roads joining main highways.  One of the problems arose due to extension work between Raipur and Durg 
cities on National Highway No. 6. is highlighted below in Fig.(7) marked with blue line. As a result of widening 
of NH-6 the traffic jam on state road 330 m long between rotaries (R1) and (R2) has increased. 
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Fig.7. National Highway 6 (India) 
5.1. Geomatic engineering software in road surveys- 
Traffic problem stated above can be solved by providing a fly over between the two Rotaries. Therefore 
location survey to find out a suitable route alignment of fly over is carried out. The tachometric traverse data 
observed at the site is shown with red lines in the key Plan Fig. 8.  
Main features of Traverse survey shown in the Fig.8 are: 
1. R1 and R2 are two existing rotaries distance between them is 330 m. 




4. Other prominent features like Dhillon Hotel, Chandulal Chandrakar Memorial Hospital, Existing Rotary 
R3, etc. are marked for identification 
 
 
Fig.8 Key Plan to conduct Tachometric Traverse 
Further there is a level crossing gate in between R1 and R2 Fig. 8., whose frequent movement due to all kinds 
of trains, Passenger, Mail/Express and Goods magnify the traffic jam problem. 
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5.2. Solution 
In order to reduce the traffic jam at rotary R4, proposed flyover will be between point R4 and R2 as shown in 
the key plan with green color. The tachometric traverse is run from obligatory points on the route survey R4, B, 
C, D, E and R2. The traverse is plotted with limited observations i.e. distances observed by the tachometer. 
Computation of traverse included using geomatic engineering: 
The excel sheet software is developed for eq.(1) to tabulate the following results 
Table 3. 
No. Pair of Traverse 
Sides 
Traverse Side lengths Computed 
Radius R 
Included Angle 
1 R4-B BC 199 m 187 m 138.6 m Ang.R4BC= 53.70 
2 BC CD 199 m 167 m 128.6 m Ang.BCD= 62.00 
3 CD DE 167 m 339 m 204.77 m Ang.CDE= 1560 
4 DE ER2 339 m 114 m 191.61 m Ang.DER4= 162.70 
Table 4. 
No. Pair of traverse 
Sides 
Traverse Side lengths Computed 
Radius R 
Included Angle 
1 R4-B BC 199 m 187 m 138.6 m Ang.R4BC= 53.70 
2 BC CD 199 m 167 m 128.6 m Ang.BCD= 62.00 
3 CD DE 167 m 339 m 204.77 m Ang.CDE= 1560 
4 DE ER2 339 m 114 m 191.61 m Ang.DER4= 162.70 
Thus knowing all side lengths and included angles between successive sides the required traverse of 
the fly over can be plotted for further civil engineering design work. 
6. Conclusion 
A new geometric concept is discussed to make geometrical figures with less data observation in the field. It 
finds wide application in road works planning. The use of geomatic engineering software is demonstrated for 
plotting a tachometric traverse where angle observation in the field is completed omitted. Hence economy in road 
work is justified. 
The modified approach in application of G.P.S. working brings economy on following heads: 
1. Single satellite is used for the purpose. It brings saving on hiring charges for the 3 space satellite 
otherwise mandatory in current practice. 
2. The software to compute the results need to be modified because overall cost of installing the device will 
be considerably reduced. 
3. ISRO has assigned the task of development of new and independent G.P.S. system and its software to 
Gagan Augment Navigation Company in our country. The concept discussed in this paper may be of 
great use for the company to develop the new GPS for the country.  
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Appendix A. The derivation of eq.(1) 
Let the pair of given distances form the two chords a and b of a circle which passes through the three points 
A, B and C. Eq. of circle with centre (h, k) and two chords a and b, and radius R is given by Equation of the 
circle with R as radius: 
222 )()( Rkyhx   (1) 
Substituting x and y with the coordinates of points A, B and O in Eq.(1) we get following equations 
222 Rkh   (2) 
222)( Rkha   (3) 
From Eq.(2) and (3) we get, 
2
ah , and k = 22 )2/(aR  
Consider Eq.(1), 222 )()( Rkyhx  Differentiating w. r. to x, we get 
0)(2)(2
dx











dy  (4) 
 the circle can be determined as 
below: 
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Fig.9. Elements of global triangle  
centre of the circle. The radius of circle R = sec
2
Cob .  
Therefore R
bSin 2/





 = m (5)  
















   (6) 














 of the circle can be 
determined. Thus the orientation of two chords a and b within the circle whose radius can be determined from 
Eq.(7) is obtained. 
